Summary and Conclusions
The United States is considering the offer of irradiated research reactor spent fuel (RRSF) for international safeguards applied by the International Atomic Energy Agency (IAEA). The offer would be to add one or more spent fuel storage basins to the list of facilities eligible for IAEA safeguards. The fuel to be safeguarded would be stored in basins on the Savannah River Site (SRS). This RRSF potentially can include returns of Material Test Reactor (MTR) type fuel from Argentina, Brazil, and Chile (ABC); returns from other foreign research reactors; and fuel from domestic research reactors. Basins on the SRS being considered for this fuel storage are the Receiving Basin for Offsite Fuel (RBOF) and the L-Area Disassembly Basin (L-Basin). A working group of SRS, U.S. Department 
of Energy International
Safeguards Division (NN-44), and National Laboratory personnel with experience in IAEA safeguards was convened to consider the requirements for applying the safeguards to this material. The working group projected the safeguards requirements and described alternatives.
The working group reached the following conclusions:
in the bundles. Instrumentation already exists in the IAEA for measurement of gamma radiation, but identification of highly enriched uranium (HEW within the bundles is not now possible with IAEA instruments. Therefore, the IAEA will require that a measurement location be established in the basin and that the operator move selected bundles to that location for measurement. Measurement scans of the length of the bundles likely can establish the number of contained assemblies and the expected cosinusoidal axial activity profiie.
8. The IAEA likely also will require that some number of bundles be opened to verify that the contents indeed are RRSF. Alternatively, the United States may wish to support development of a nondestructive measurement device that can qualitatively (or semi-quantitatively) determine the presence (or approximate quantity) of U-235. The measurement may eliminate the need to open bundles for verification of contents.
9. Once the bundles are verified by the IAEA, high incentive exists to place the bundles under IAEA seal in the storage racks. Therefore, the IAEA and SRS operator must cooperate to develop and install a containment structure above the fuel bundle storage racks that can be secured with IAEA cable (fiberoptic or cup wire) seals. The safeguards effort required for the full L-Basin RRSF fuel inventory (8500 assemblies) with and without sealing is:
With Sealing:
Interim imp:
Introduction and Background
In response to current U.S. nonproliferation policy and obligations under the voluntary offer agreement with the International Atomic Energy Agency (IAEA), the U.S. Department of Energy International Safeguards Division (NN-44) has been working with several program offices and sites throughout the DOE complex to identify facilities and material that may be suitable for placement on the eligible facilities list.
In addition, the DOE'S program to encourage the return of foreign research reactor spent fuel (RRSF) (of United States origin) will result in the receipt of about 20 metric tons of fuel containing approximately 5 metric tons of highly enriched uranium (HEU) over the next 10-13 years. In the summer of 1996, the planning for the receipt of this RRSF highlighted the fact that storage facilities for such material at the Savannah River Site (SRS) currently are not eligible for IAEA safeguards.
Some of this RRSF is coming from countries such as Argentina, Brazil, and Chile (ABC) that have agreements with the IAEA to continue international safeguards on such material upon return to the United
States. Since SRS basins are not currently on the eligible facilities list, the first load of RRSF from Chile had to be removed from IAEA safeguards when it arrived in October 1996. The IAEA is considering applying safeguards at the Oak Ridge High Flux Isotope Reactor (HFIR) in order to meet its obligations to maintain safeguards on an equivalent portion of spent fuel.
To consider the spent fuel storage facilities at SRS as potential candidates for the eligible facilities list, EM-62, EM-63, and NN-44 agreed to conduct an assessment to evaluate the impact of adding these facilities. The results would be used to help EM43 estimate the cost of preparing one or more of the spent fuel storage basins at SRS for implementation and continuing maintenance of IAEA safeguards.
The assessment was conducted during the week of February 10, 1997, by a team comprised of U.S. national laboratory personnel with experience in IAEA safeguards and in the implementation of IAEA safeguards at U.S. facilities and DOE NN-44 and SRS personnel. The first step in the process was to gather information to make an eligibility determination. Next, the team focused on identifying requirements for the implementation and maintenance of international safeguards and postulating a safeguards approach that might be employed by the M A . This report documents the results.
Eligibility Determination
The Receiving Basin for Offsite Fuel (RBOF) and the L-Area Disassembly Basin (L-Basin) currently have no national security mission. There is no material now in either basin that is associated with restricted data. No material is anticipated for future storage that contains or would reveal restricted data. Therefore, both basins meet the requirements for eligibility for implementation of IAEA safeguards.
Facility Descriptions and Operations

Spent Fuel Storage Configuration at SRS
The SRS has received spent fuel from foreign research reactors for many years. The assemblies received from foreign reactors normally had been under IAEA safeguards in the country of use before being shipped to SRS. Presently, when the casks arrive at SRS any IAEA seals present are removed and returned to the IAEA either directly or through the Euratom safeguards agency. The seals are verified by the IAEA in Vienna to ensure the fuel assemblies destined for SRS were received without compromise. The SRS is scheduled to receive approximately 23,000 fuel assemblies from both domestic and foreign research reactors. The HEU (approximately 5 metric tons) contained in these assemblies is part of the excess fissile material that the United States has committed to making eligible for IAEA safeguards.
The only two facilities at SRS currently identified as potentially amenable for IAEA safeguards are RBOF and L-Basin. Each of these facilities is operational and has spent fuel in storage. The combined storage capacity of the two facilities is approximately 16,200 elements. The available storage is not sufficient to accommodate the total assemblies scheduled for receipt, so some of the material must eventually be stored elsewhere or moved as a result of final disposition decisions.
The termfucizity is used domestically to refer to the entire structure or operating area. It should be noted clearly that the following descriptions refer to the operations area of the spent fuel basins and are not applicable directly to an IAEA facility description. The cases addressed in Section 6.0 suggest that only portions of the facilities may be included in the safeguarded facility description. Descriptions of the facilities and a brief synopsis of operations follows.
Receiving Basin for Offsite Fuel (RBOF)
The RBOF provides storage for spent nuclear fuel elements from test and research reactors, both domestic and foreign. It has been operating and receiving offsite fuel since 1 W . The facility has an unloading basin, two storage basins, a repackaging basin, a disassembly basin, and an inspection basin, all of which are under water. The storage capability of RBOF is approximately 7,000 Material Test Reactor Equivalent (MTRE) assemblies, and an additional 700 MTRE spaces are being added. The basins are interconnected by transfer canals. An overhead monorail hoist transfer system moves the individual fuel elements through canals to work basins, as required, and finally to the storage location.
Current examples of receiving and storage activities of safeguards interest at RBOF:
The spent fuel casks are unloaded at RBOF using a crane and are transferred to the unloading basin.
If the cask is sealed with an IAEA seal, it is removed and returned to the IAEA through the U.S. State Department.
The cask is opened, and fuel assemblies are unloaded.
As the fuel elements are removed from the cask, they are identified by serial number and transferred to baskets for temporary storage.
The baskets are transferred to the unpacking area for processing.
In the processing area the end pieces, used for handling, are normally removed using an underwater saw. This operation is designed to leave the serial numbers undisturbed, but occasionally the operation m a y remove a portion or the entire serial number.
The fuel elements are then transferred to an aluminum tube for storage (referred to as bundling).
Depending on the fuel configuration, from 3 to 6 RRSF elements are normally stored in each bundle.
When the bundle is full, a serial-numbered cap is put in place. Accountability is maintained by assigning the serial numbers for each fuel element to the aluminum storage bundle.
The bundle is then transferred to a storage position and logged into the operator's basin storage map.
L-Basin
It is anticipated that RBOF will soon reach capacity. Therefore, L-Basin has been designated by DOE as an alternate spent nuclear fuel (SNF) storage facility to provide uninterrupted fuel receipts. The LBasin has been modified and made ready for its new mission. The facility will provide storage for approximately 8,500 MTRE and 800 SRS fuel elements. When a fuel cask arrives at the transfer bay, it is checked for integrity (seals checked and removed) and contamination.
The cask is opened, and each fueI assembly is removed from the cask and identified by serial number and placed in a transfer bucket.
When a predetermined number of assemblies have been placed in the bucket, a hoist is used to transfer the bucket to the bundling station in the machine basin.
At the bundling station, the end pieces used for handling are removed from the assembly with an underwater saw. This operation is designed to leave the serial numbers undisturbed, but occasionally a portion or the entire serial number is removed.
The assemblies are placed in an aluminum storage tube (bundle) using a special tilting table designed for this operation.
When a predetermined number of assemblies (3-5) have been placed in the storage bundle, the table is tilted to an upright position and closed with a non-removable cap.
Each bundle is assigned a unique serial number that is placed on the cap with lettering that will be readable while the bundle is in storage.
The storage bundle is then moved to Vertical Tube Storage (VTS) using a crane and chain hoist. Once in the VTS, the tube is placed in a designated storage position.
Receipt and Loading Schedules
The current SRS SNF Unloading Schedule indicates that approximately 100 research reactor spent fuel assemblies will be received each month during a two-year period that began in October 1996. Cask unloading and bundle preparation activities normally are accomplished within a 100-working-hour period. The duration of the unloading and bundling operation provides an estimate of inspector time that would be required to verify each receipt.
Summary of IAEA Safeguards Criteria for
SRS Research Reactor Spent Fuel
Criteria applicable to the research reactor fuel being shipped to and stored at the SRS L-Basin and RBOF are contained in Section 9 of the LAEA safguurds Cn?enu (hereafter called the Criteria). Most, if not all, of the fuel (spent fuel, as described in the Criteria) will be irradiated. The Criteria requirements generally are presented in 17 paragraphs. Not all paragraphs apply to the scenario at SRS. A complete analysis of the Criteria is in the Appendix. Only the salient paragraphs of the Criteria appear in the following.
Examination of records and reports
The facility will maintain a set of records that the IAEA will examine and compare with the accounting reports generated under the structure and content of agreements between the IAEA and States required in connection with the Treaty on the Non-Proliferation of Nuclear Weapons. These records will include Inventory Change Reports (ICRs), Physical,Inventory Listings (PILs), and Material Balance Reports (MBRs). Records that should be maintained for a basin storage facility include: a materials ledger (having total book inventory according to location), material transfer papers (documenting transfers within the basins), fuel location maps, and shipping documents. The LQEA will expect to see a List of Inventory Items (LII) that can be reconciled with the PIL from the previous material balance period plus any subsequent ICRs.
Physical Inventory Verification (PIV)
A physical inventory verification (PIV) verifying the operator's own physical inventory must be conducted annually with the period between successive PIVs not exceeding 14 months. The stipulations for verification measures applicable to the inventory are those stated for spent fuel and are contained in paragraphs 2.2 and 2.7 of the Criteria.
The IAEA maintains various detection probabilities related to the overall probability of detecting the absence of a specified quantity of nuclear material. Spent fuel not under containment or surveillance must be item-counted and verified for gross defects at a medium detection probability.
Based on requirements for irradiated fuel, a medium detection probability verification for assemblies each having an average of 150 g of U-235 would require the verification of 0.415% of all assemblies in the sample stratum. The IAEA adds the requirement that verification must be performed on at least three items for each verification method employed. Verification equipment includes gross gamma (dose-measuring) instruments. Occasionally, high-resolution detectors (cooled intrinsic germanium or ambient temperature CdTe detectors with lower resolution) are used to identi@ fission product spectra. The use of high-resolution detectors is not specified in the Criteria, however.
For assemblies contained in bundles that cannot be opened, the terms stated under paragraph 6.2(a) and (c) of Annex F of the Criteria (Procedures for Sampling Plans) apply. The bundles would be counted, and an external gamma measurement would be performed on the randomly selected bundles identified in the sampling plan. Because the number of individual items (fuel assemblies) would be the number used in the sampling plan, the number of bundles measured would be 0.415% of the number of assemblies (not 0.415% of the bundles).
The verification would require movement of the bundle from the storage location (to lower the background level and eliminate interference from other bundles in the storage rack). The Criteria require this measurement to verify that the number and types of items in the bundle are correct. A gross gamma scan likely would satisfy this requirement, but some tests with a collimated gamma detector (e.g., CdTe in tantalum) would be necessary to demonstrate that the axial gamma profile from the bundle corresponds to the expected radiation profile. Adjacent fuel assemblies (abovehelow) in the bundle with radically different exposures or cooling times could be a problem. Tests are required to determine if these measurements could be performed just by moving the bundles vertically from the storage locations in the L-Basin. Vertical movement is more constrained in RBOF.
Surveillance is not attractive for the basin areas because of the many movements in the surveillance view. With inconclusive surveillance (showing movement), measurement verification is the same as without surveillance. If the bundles in racks could be sealed, PIV measures would simply involve a replacement of seals at a low detection probability and accounting of the bundles under seal (Annex F, paragraph 6.1(d) of the Criteria). Even when all assemblies are in the basin, this would only involve the replacement of about 12 seals during each inspection.
Verification of Domestic and International Transfers
Transfers are verified at PIVs and at interim inspections (conducted quarterly) to the same level as at the PIV. Thus, it is expected that inspectors will perform measurements with each inspection during the fuels return campaign. Again, if surveillance is used, complications arise because of the requirement that movement of the containers must be verified.
Verification Activities at Interim Inspections for Timely Detection
Verifications are conducted once each calendar quarter for facilities with a quantity of nuclear material equal to or greater than one significant quantity (SQ). One SQ of U-235 is 25 kg. For fuel containing an average of 150 grams of U-235 per assembly, one SQ is 167 assemblies. For fuel not under containment and surveillance, the material is item-counted and verified at low detection probability (0.134% of the assemblies) for gross defects (see PIV requirements above for measurement approaches). This detection probability is based on an average U-235 loading of 150 grams per assembly. If the material is under IAEA seal, seals are replaced and verified with a low detection probability based on the material quantities contained under each seal.
Verification of Design Information
The United States must submit design information on the facility and also must notify the M A of any important changes in the design information. Design information includes not only the details of the physical construction but also bookkeeping information. Design information is provided by the facility on IAEA-supplied forms requesting relevant construction and operational information.
Measurements
Measurement verification is necessary for initial inventory verification and interim inspections. The main purpose of the IAEA NDA measurement is to detect gross defects (presence or absence of material) in the declared quantities of material. A customized detector designed for specific basin installation can be developed utilizing existing components and optimiied for the bundles at RBOF and L-Basin; bundle sizes are different at the two facilities. The detector can be installed permanently at the unloading basin or it can be portable. In L-Basin, a portable detector is preferable because the basin is deep compared to the bundle length. Bundles can be left in storage racks and the detector moved to the bundle, where verification measurements are made. This can potentially reduce the operator's effort. In the RBOF facility, it would be preferable to install the detector permanently at the unloading basin.
Research reactor spent fuel containing HEU does not contain enough plutonium to provide a passive neutron signal sufficient for accurate measurement. Verification of these fuels has to rely on the passive gamma signature from the fission products or from active interrogation of residual fissile content. The gross gamma emission can be measured with ion chambers; gamma-ray spectroscopy can be obtained with high-resolution detectors such as CdTe or Ge. Active interrogation can be performed with AmLi neutron sources and neutron coincidence counting of the fission neutrons. For simplicity of operation and to provide the potential of an unattended mode, the ion chamber approach is recommended.
If a detector is installed and if the order of assembly loading is known, it would be advantageous to request the operators to scan some of the bundles as soon as they are packaged. This would provide a useful correlation between the operator-declared fuel burn-up and the gross gamma counting rate. The inspectors can request verification of these bundles and correct for radioactive decay. This would reduce the inspection effort and increase inspector confdence in the verification measurement.
Containment/Surveillance Options
Storage facility PIV requirements specify that material not under containment and surveillance (C/S) must be verified with a medium detection probability for gross defects (0.415% of all assemblies). Although this is usually accomplished using gross gamma measurement or Cerenkov glow observation, this would be difficult and time-consuming for bundled fuel. Some form of containment or surveillance must be utilized to minimize the amount of material subject to this yearly reverification.
Seals
Seals provide one option for mitigating the aforementioned requirement. IAEA criteria state that "for that part of the spent fuel under single CIS based on seals, the seals are verified with low detection probability, and the sealed items selected for seal verification are item counted" [IAEA Safeguards Criteria 4-2.5(c)]. Seals verified with a "low detection probabirity" means that only a few seals will be selected for verification. Verification can be accomplished at the facility for some types of seals; others must be replaced and the detached seals are then verified at IAEA headquarters. A similar requirement exists for interim inspections; however, in this case the sealed items are not counted. The items verified for interim inspections would not be individual assemblies because they are in containers.
Since spent fuel assemblies are consolidated into bundles upon arrival at the facility, the best means of ensuring the containment integrity of this material is by using seals applied to caps on the bundles themselves. This option is not a viable one, however, for two reasons:
1. Bundles cannot be opened without cutting off their tops; consequently, reverifying the contents of a bundle requires its destruction.
2. Each applied seal would have to be verified above the basin waterline. This can be accomplished easily using optical seals, but applying an optical seal to each container would be very difficult and expensive. It would also preclude movement of the bundle, since such movement would be hazardous for the attached wire.
Instead, it would be expedient to devise a mechanism (perhaps only a bar or plate) that will prevent the undetected removal of an entire row of bundles from the rack in which they reside. Once this mechanism is sealed, there will be reasonable assurance that no bundle has been removed or has had its contents replaced during the inspector's absence. This is not a novel concept; there have been similar IAEA seal applications in Ukraine. Thousands of spent fuel assemblies are currently under seal at Chernobyl. These seals are located at deck level and can be verified while attached. The seals are attached to bars that prevent the removal of any fuel assembly from its rack. One hundred percent seal verification can be accomplished in less than an hour. As another example, VVER-440 spent fuel assemblies in the lower rack of the of the spent fuel basin at the Rovno facility have been sealed by applying twin seals on the upper fuel rack, which prevents access to the lower rack.
Any seal application scheme would not eliminate the requirement for full verification of the material before sealing. Unsealed material would have to be verified with low detection probability for gross defects during interim inspections and at medium detection probability during PIVs.
Surveillance
Automated surveillance on sealed, previously inventoried material would not provide additional benefits. However, surveillance is requisite for maintaining control of material during unloading, consolidation, and manipulation. Providing surveillance during these operations would be extremely costly and perhaps impossible. Some combination of seals, surveillance, and inspector vigilance would be required to effect continuity of knowledge on fuel assemblies from seal detachment through f d storage.
Cases
Three cases were considered for the specification of anticipated IAEA requirements. This was done to provide firm bases for development of the specifications for initial preparations and ongoing interaction of inspection activities with basin operations. These cases are:
1. Offer for IAEA safeguards only the RRSF covered by agreements specifying continuation of safeguards after return to the United States, e.g., ABC, including material to be received from these countries in future years 2. Offer all foreign RRSF in the basins plus new shipments as they arrive, regardless of the terms of the agreements each country has with the IAEA 3. Offer all RRSF spent fuel in the two basins and the contents of future shipments, both foreign and domestic.
The initial preparations for all cases are similar. However, the level of subsequent actions and impacts increases with each case. The Case 1 offer allows the United States to assist in the maintenance of existing international agreements. The Case 3 offer maximizes the contribution this project would make toward achieving the aims of Presidential Decision Directive 41. In the case in which only the RRSF being returned from ABC (and other countries with similar agreements) is considered for safeguards, it is possible that the expense of implementing safeguards at HFIR could be delayed or indefinitely postponed. Since the IAEA is considering selecting HFIR to allow substitution of HFIR spent fuel for the returning shipment from Chile, implementing safeguards at SRS and replacing the Chilean fuel under safeguards would eliminate the immediate need for safeguards at HFIR.
Further, the requirements for initial preparations and ongoing inspections will depend upon whether or not current IAEA inspection criteria will be applied. If inspection procedures can be negotiated with the IAEA that will both achieve IAEA goals and facilitate the United States' desire to minimize the costs and impact of safeguards, then the requirements for both phases will be lessened. Table 6 .1 describes the requirements to be expected in these six instances (three cases with two options each). 
IAEA and Operator Resource Requirements
Resource obligations for both the IAEA and operator/United States are incurred for all cases. Areas requiring resource commitment are preparations for routine inspection, initial inventory verification, interim inspections, and annual PIVs.
Routine Inspections
Preparations for routine inspections involve the following tasks:
1. Preparation and verification of the design information questionnaire (DIQ 2. Review and negotiation of a facility attachment.
3. Preparation of reports system amenable to MEA requirements.
4.
Preparation of a fuel verification plan and apparatus for the M A . For example, the operator may design a light pipe on the basin wall for the gross gamma scanning of fuel bundles (gamma profie); a collimated IAEA-owned CdTe detector could be used. An equivalent design and acceptable measurement procedure might be to place the collimated measurement detector at the top of a rack storage position and slowly raise the bundle to scan the bundle axially. The fuel verification plan should be prepared in consultation with the IAEA.
5.
Preparation of rack sealing. The operator, in conjunction with the IAEA, should develop sealable hardware to fit over the storage rack that prevents the fuel from being removed from the rack. The sealing arrangement should allow fiber-optic seals (which can be verified in the field) to be used. Thus, the seals and cables should be kept dry and uncontaminated. The incentive for this is elimination of any further measurements. The fuel must be verified at medium detection probability, 0.41595, for gross defects before being sealed.
The IAEA and operator resource requirements during the three quarterly interim inspections (for timeliness) and during the annual PIV are different and depend on successful seal application.
Initial Inventory Verification
The material (assemblies and bundles of assemblies) already in the basins and being submitted to IAEA safeguards must be item counted to confii the population and verified (according to PIV requirements described below) by gross defect measurement (gamma radiation profile) at random medium level (0.415% of the assemblies). The material should be put under seal once verified, if sealing arrangements have been made.
Interim Inspections
The IAEA quarterly interim inspection will involve verification of receipts that have arrived since the previous inspection. The verification must be done to the same degree as the PIV and thus will include item counting to establish the number of receipts and gross defects test for about 0.415% of the estimated 400 items received each quarter (see Section 3.0, Safeguards Criteria item 3). For 400 assemblies this would amount to only two items. The verified and bundled assemblies should be put under seal as soon as they are verified.
Fuel that is not part of the received inventory and not under seal must be measured for gross defects at low detection probability (about 0.134%). For fuel in bundles, the sampling plan must consider the contained assemblies, not the bundles, to be the accountable unit. Thus, the actual number of assemblies measured for gross defects would be, on average, four times higher (Le., four assemblies per bundle). If no sealing were ever used and the inventory reached 8,500 assemblies, about 12 bundles would have to be scanned during each interim inspection.
If groups of bundles (containing 100 assemblies on average) were under seals instead, 13 % of the 85 seals would have to be verifred (Le., 12 seals).
The shipping documents must be reviewed and compared with the Inventory Change Reports (ICRs) submitted to the IAEA by the shipping and receiving countries.
Physical Inventory Verifications
The IAEA PIV takes place after the Physical Inventory Taking (PIT) of the operator. The PIV occurs annually with no more than 14 months between successive PIVs. The inspection during the PIV also can be used to verify the receipts of spent fuel to the facility, and thus, the measurement activities are the same as at the interim inspection. Measurements would be made on two of the 400 assemblies received. They are measured for gross defects.. If no sealing were present, the bundles would have to be measured by a random medium sampling intensity that takes into account contained assemblies, not bundles. The bundles must be scanned to verify the number of contained items and confirm that the gross signature is consistent with the contained assemblies. Again, 0.415 % of the assemblies would be subject to gross measurements. However, since each bundle contains four assemblies, on average, the number of assemblies actually measured would be 4 x 0.415% or about 1.7%. The number of bundles also would be about 0.415% (there is little chance that two assemblies would be picked from the same bundle). If no sealing were ever used and the total inventory reached 8,500 elements (L-Basin), about 36 bundles would have to be scanned during each P N .
For material under seals, seals would be exchanged and verified at random low probability (again, about 13% of the seals), and the number of bundles under each removed seal would be counted.
The records and reports (ICRs, MBR, and PIL) must be compared. Records include the list of inventory item, fuel basin maps, transfer records, nuclear material item transfer forms, and the fuel ledgers. c Table 7 .1 and 7.2 describe the facility impacts from IAEA selection activity. 
